In this study microwave-assisted hydrodistillation (MAHD) has been compared with the conventional method of hydrodistillation for the extraction of the essential oils from two Iranian Lamiaceae species: Nepeta crispa Willd and N. racemosa Lam. The essential oils extracted by MAHD for 40 min were quantitatively and qualitatively (aromatic profile) similar to those obtained by conventional hydrodistillation for 3.5 h. The MAHD method yields an essential oil with higher amounts of more valuable oxygenated compounds, and allows substantial savings of costs in terms of time, energy and plant material.
Sixty-seven species of Nepeta are found in Iran, of which the majority is endemic [1] . Several species exhibited antibacterial and antifungal effects [2a-d] . Studies on different species of Nepeta have indicated that terpenes and sesquiterpenes were the main chemical constituents of the essential oils. In recent years, several studies have been performed on the chemical composition of essential oils of Nepeta species of different origins [2a-2f] . It was reported that the oil of N. betonicifolia, collected in Turkey, contained 42 compounds representing 90.7% of the oil. Caryophyllene oxide (39.2%), spathulenol (9.7%) and caryophyllenol (5.1%) were identified as the major constituents [3] . For the essential oil of N. curviflora, grown in Lebanon, obtained by hydrodistillation of the aerial parts, 35 compounds were identified constituting 93.2% of the oil, the major components being β-caryophyllene (50.2%), caryophyllene oxide (6.4%) and (E)-β-farnesene (5.3%) [4] . The chemical compositions of the oils of Nepeta species in Iran have been studied [5] [6] [7] [8] [9] [10] [11] , but microwaveassisted methods for extraction of oils from these species have not been previously reported. Use of microwaves as an alternate extraction technique was first reported by Ganzler et al. in 1987 [12-14] .
In this paper, the microwave-assisted hydrodistillation (MAHD) technique has been compared with the conventional hydrodistillation (HD) method for the extraction of the essential oils from two Iranian Nepeta species, N. crispa Willd. and N. racemosa Lam.. In both the MAHD and HD methods, extraction of essential oils is performed in a single stage and the apparatus is relatively simple. The amount of essential oils obtained in 40 min with the MAHD method was comparable with the conventional method (210 min).
The kinetics of essential oil extraction from N. crispa and N. racemosa by MAHD have been compared with that of HD, as shown in Figure 1 . Extraction by MAHD started at a much earlier time than that with HD (2 min vs. 30 min, respectively). This is due to the more efficient heat flow involved with microwaves. Unlike the classical conductive heating methods, microwaves can heat the entire sample almost simultaneously and at a higher rate [15] . Full recovery of essential oils was achieved within the first 15 min of operation with MAHD [16] . In the case of HD, a time period of at least 3.5 h was necessary for such purpose. For both HD and MAHD, extraction starts at the boiling point of water. With MAHD, the boiling point was reached in 2 min at 800 Watt, while in HD this was at 30 min ( Figure 1 ). Extraction yield as a function of time for the HD and MAHD techniques were calculated. A similar extraction yield was achieved after a significantly shorter extraction time when using MAHD instead of HD.
The identified constituents from the two extraction methods can be seen in Table 1 . In N. crispa, for the HD and MAHD methods, 25 and 13 components were characterized, accounting for 94.8% and 95.6% of the oil, respectively. The HD oil consisted of 48.1% oxygenated monoterpenes, 21.4% monoterpene hydrocarbons, and 24.7% sesquiterpene hydrocarbons, with 1,8-cineol (28.9%), β-bourbonene (21.6%) and β-pinene (9.5%) as the major components. Comparatively, the main constituents of the oil from the aerial parts of N. crispa from the MAHD technique were 1,8cineol (50.7%), β-pinene (5.6%) and cis-nepetalactone (22%). The oil consisted of 82.2% oxygenated monoterpenes, 7.9% monoterpene hydrocarbons, and 1.7% sesquiterpene hydrocarbons. In the HD and MAHD oils of N. racemosa, 20 and 23 components were characterized, accounting for 91.8% and 98.4% of the oil, respectively. Using the HD technique, the oil consisted of 61.6% NPC Natural Product Communications 2012 Vol. 7 No. 11 1511 -1514 Table 1 : Chemical composition of essential oils obtained by hydrodistillation (HD) and microwave-assisted hydrodistillation (MAHD) of Nepeta crispa and N. racemosa aerial parts. oxygenated monoterpenes, 3.8% monoterpene hydrocarbons and 5.9% sesquiterpene hydrocarbons, with 1,8-cineol (36.1%), 4-methylisopulegone (16.0%) and spathulenol (8.5%) as the major components. In comparison, the main constituents of the oil of the aerial parts of N. racemosa using the MAHD technique were 1,8-cineol (37%), methyl hydrocinnamate (19.1%) and 1,2,3,4tetramethyl 2-cyclopenten-1-one (12%). The oil consisted of 69.7% oxygenated monoterpenes, 7.1% monoterpene hydrocarbons and 1.3% sesquiterpene hydrocarbons.
The MAHD method provided more valuable oxygenated compounds in the essential oils and allowed substantial saving of energy and time. In comparison, the extraction times for MAHD (40 min) were much shorter than that for HD (210 min) because of the use of microwave heating. All these advantages make MAHD a good alternative for the extraction of the essential oil from plants. The results from this study indicate that the use of microwaves as a heating source for distillation might be the cause of a slight difference in the composition of the oil from that of the conventionally obtained oil. The MAHD method, due to the shorter heating time, may reduce the degradation of compounds by hydrolysis, trans-esterification and oxidation, and hence fewer degradation products are noted in the analysis. In the two plant species, the major group of compounds was oxygenated monoterpenes.
Experimental
Plant materials: Aerial parts were collected in July 2011 of Nepeta crispa, growing wild in western Iran, around Ganjnameh Road, located on the heights of the Alvand mountain, in the province of Hamedan, and, in June 2011, of N. racemosa, growing wild in the heights of Toochal, province of Tehran. Both species were collected during the flowering period. Voucher specimens (numbers 4989 and 5026, respectively) have been deposited at the Herbarium of the Research Institute of Forest and Rangelands (TARI), Tehran, Iran.
Extraction of essential oil:
For the hydrodistillation method, 100 g of air-dried aerial parts in a 2 L flask were subjected to hydrodistillation for 3.5 h using a Clevenger-type apparatus. In MAHD, 50 g of air-dried aerial parts of the plant were placed in a 1 L flask containing deionized water and the flask was setup within the microwave oven cavity, and a condenser was used on the top (outside the oven) to collect the extracted essential oils. The microwave oven was operated at 800 W power levels for 40 min. After trapping the oil with n-hexane (Merck-Germany), decanting, and drying of the oil over anhydrous Na 2 SO 4 (Merck-Germany), the corresponding oil was isolated and stored at 4°C until analyzed.
Microwave apparatus:
A Milestone "Microsynth" microwave oven was used with a multimode microwave reactor, 2.45 GHz, with a maximum delivered power of 1500W, variable in 1W increments.
Temperature was monitored by an external fiber optic sensor. A cooling system outside the microwave oven condensed the distillate continuously. Excess water was refluxed to the extraction vessel in order to restore the water to the plant materials. The dimensions of the PTFE coated cavity were 55 cm × 55 cm × 55 cm. During the experiments, time, temperature, pressure and power were controlled by the "easy-control" software package. Temperature was monitored by a shielded thermocouple (ATC-FO) inserted directly into the sample container and by an external infrared (IR) sensor, and temperature was controlled by a feedback to the microwave power regulator without using correction factors.
GC analysis:
Analysis of the oil was carried out using a Hewlett-Packard-6890 gas chromatograph equipped with a split/splitless (20:1) injector (250°C) and a flame ionization detector (250°C). N 2 was the carrier gas (1 mL/min). A DB-5 capillary column was used (30 m × 0.25 mm, 0.32 µm film thickness).The oven temperature was held at 60°C for 3 min, then heated to 220°C with a 5°C rate and kept constant at 220°C for 5 min.
GC-MS analysis:
This was performed using a Hewlett-Packard 6890/5973 GC-MS equipment with a 30 m × 0.25 mm, film thickness 0.32 μm HP-5MS column. He (99.999%) was used as carrier gas (1.0 mL/min). The temperature program was the same as for GC. MS were taken at 70 eV. The GC-MS was equipped with chemstation software and a Wiley 275 library. Identification of constituents of the oil was made by comparison of their mass spectra and retention indices (RI) with those given in the literature and authentic samples [17] .
Statistical analysis:
All extractions with HD and MAHD were performed in duplicate and a general linear model (GLM) procedure from SAS (Statistical Analysis Software, version 9.1, SAS Institute Inc., Cary, NC, USA) was used to compare the means.
